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Abstract 
This paper aims to analyse the foreign trade efficiency for Romania and compare it with the other E.U. member states. We use 
stochastic frontier analysis to estimate the efficiency component of foreign trade of Romania and EU countries. We built 27 
econometric models, one for each country, considering EU members trade partners units plus eight extra-EU partners. We 
estimated the 27 member countries’ efficiency coefficients associated with each partnership. These coefficients were used to 
estimate the average efficiency scores for each of the 27 countries. The analysis results have shown that the economic crisis has 
not significantly changed trade patterns and hierarchies between EU countries, only lowered trade performances. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the Faculty of Economics and Business Administration, Alexandru Ioan Cuza 
University of Iasi. 
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1. Introduction 
The purpose of this paper is the econometric analysis of Romania's foreign trade efficiency compared to the 
efficiency of the European Union member states. The paper has two major objectives: 
x Presentation of the methodology for evaluating the effectiveness of econometric foreign trade; 
x Econometric estimation of the efficiency component of Romania's foreign trade and comparative analysis to the 
EU Member States. 
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The econometric approach aims at analyzing the efficiency of foreign trade through stochastic frontier method 
that seeks to determine an efficiency frontier where countries should operate to be effective. There are two methods 
for this type of analysis - the production frontier method and the cost function method. The production frontier refers 
to the maximum output that can be obtained using a set of inputs, with existing technology. The solution to 
determine the efficiency factor is the decomposition of the model error Hi into two components, one component 
being the white noise, the error due to complete randomness, and the other component being the measure of a 
country’s efficiency. After the ‘90s, there have been developed specific panel data models, which treats efficiency 
based on the time effect. In the paper we use the production frontier method and we applied a panel type model for 
Romania and the rest of the EU countries in order to estimate the efficiency component of foreign trade. 
50 years ago, Farrell (1957) introduced a methodology for measuring the economic (EE), technical (TE) and 
allocative (AE) efficiency. TE is associated with the ability to produce at production frontier, while AE refers to the 
ability to produce a given level of output at minimum cost of inputs. In other words, technical inefficiency refers to 
deviations from the production frontier, allocative inefficiency reflects deviations from the minimum cost of inputs 
and EE is defined as the ability of a firm to produce a predetermined amount of output at minimum cost, for a given 
level of technology. There are thus two types of approaches: deterministic and stochastic. 
Stochastic production frontier, proposed by Aigner, Lovell, Schmidt (1977) and Meeusen and van den Broeck 
(1977), is motivated by the idea that deviations from the production frontier may not be entirely under the control of 
the company studied, but may be due also to random perturbations, and not as it is considered in the deterministic 
interpretation of the frontier, where deviations from the frontier are considered to be due entirely to the company. 
In the deterministic interpretation, any random failures of production equipments, bad weather, any measurement 
or recording error should be considered as a measure of inefficiency. A more appropriate alternative to measure the 
efficiency is the stochastic approach of the production frontier, where inefficiency is separated from random noise. A 
formulation suitable for econometric estimation of efficiency using production function is: 
  ieTExfy iii H , 
where the last term includes the measurement errors, random noise and random variation of the frontier across 
firms. A reformulated form of the model is: 
iii
T
ii
T
i uvxxyln   EDHED , 
where vi and ui are the two components of error, random noise and TE respectively. The major objective of the 
analysis is to estimate the stochastic frontier inefficiency component, ui. 
Next, we will present the methodology used to estimate the econometric models and the empirical results 
obtained by analysing the stochastic efficiency of the EU members’ foreign trade. 
2. Data and methodology  
The econometric analysis of foreign trade efficiency is based on the model errors resulting from estimating a 
gravity model for a production or cost function. 
Trade gravity model analyzes the determinants of bilateral trade flows, and the efficiency of those trade flows is 
achieved through stochastic frontier analysis. 
In order to estimate the gravity equations for the 27 EU Member States we use a panel model. Data were recorded 
during 2001-2010, and have targeted a number of gravity variables for the foreign trade partners of the EU countries. 
As partners, we considered, for each country, the other 26 EU countries, plus eight extra-EU partners, namely 
Norway, Switzerland, Russia, USA, Canada, China, Japan and Hong Kong. 
The gravity model used to explain the bilateral trade flows for the countries of the European Union with their 
trading partners has the classical gravitational variables, i.e. the distance between the two partner countries and the 
economic output, expressed by GDP, plus a number of dummy variables covering common aspects of the 
relationships between the trading partners. 
The form of the econometric model proposed in this paper to explain the trade of EU members with the partner 
countries, is as follows: 
2
0 1 2 3 4 5lnBTF lnGDP _ ln _ _ij j j ij j jEU dummy DIST Borders dummy land dummyE E E E E E H      
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where: 
x BTFij represents the bilateral trade flows of the EU country i with the partner country j. The values are obtained 
as the sum of exports and imports of goods between the two countries, expressed in million euros, for the period 
2001 2011; 
x GDPj represents the GDP of the partner country j, expressed in dollars at purchasing power parity for the period 
2001-2011; 
x DIST2ij represents the square of the distance in kilometers between Bucharest and the partner country's capital i; 
x land_dummyj is a dummy variable and shows whether the partner country j is landlocked or not. The variable 
takes the value 1 for the partner countries who have access to the sea and 0 if is landlocked; 
x Borders_dummyj is a dummy variable and shows whether a country i has territorial or maritime borders shared 
with the partner country j. The variable takes the value 1 if there is a border and 0 otherwise; 
x EU_dummyj is a dummy variable and takes the value 1 if the partner country j is a member of the European 
Union and 0. 
Data on imports and exports for 2001-2010 are obtained from the data provided by Eurostat Statistical Yearbook 
of intra and extra -EU trade, the 2011 edition. The distances between the countries used in the model are computed 
by Mayer and Zignago (2005), who developed the database GeoDist and the website www.cepii.fr, where are 
presented, for all countries, data for the main gravity variables. The main contribution of this site is computing the 
indicators measuring the international bilateral distances. Zignago and Mayer have calculated the distances taking 
into account local -level data to assess the geographic distribution of the population for each country. The distances 
between the two countries were calculated on the basis of bilateral distances between the biggest cities in each 
country, these internal distances being weighted by the proportion of the population of the city in total population. 
General formulae used to calculate distances between two countries i and j is given below: 
   
4
4
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where: 
x popk is the population of city k from country i;  
x dkl is the bilateral distance between two cities; 
x parameter ș measures the sensitivity of trade flows to bilateral distance dkl. The parameter value is set to -1, 
which corresponds, usually, to the estimated coefficients by gravity models of the bilateral trade flows. 
3. Empirical results 
Using the method of ordinary least squares, we estimate gravity equations for each of the 27 EU countries, 
considering that the database contains pooled-data. The results obtained are shown in the following table. 
Table 1. The gravity equations estimated for the 27 E.U. member states and the R-square associated for each model  
Country  Estimated gravity equation* R2 
Austria  
     
   
2
0.000 0.97 0.000
0.000 0.273
lnBTF 8.306 0.788 lnGDP 0.004 _ 0.362 ln
1.025 _ 0.114 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.914 
Belgium  
     
   
2
0.000 0.497 0.000
0.000 0.923
lnBTF 9.415 0.812lnGDP 0.060 _ 0.264ln
0.704 _ 0.007 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.928 
Bulgaria  
     
   
dummy_land297.0dummy_Borders094.0
DISTln819.0dummy_EU170.0PIBln920.0531.6FBCln
013.0667.0
2
i000.0222.0000.0

 
0.824 
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Cyprus  
     
   
2
0.000 0.323 0.000
0.000 0.000
lnBTF 9.677 0.911lnGDP 0.149 _ 0.67 ln
1.273 _ 0.627 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.765 
Czech Republic  
     
   
2
0.000 0.000 0.000
0.000 0.000
lnBTF 4.042 0.713lnGDP 0.491 _ 0.489ln
0.198 _ 0.663 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.902 
Denmark  
     
   
2
0.000 0.000 0.000
0.064 0.000
lnBTF 3.762 0.713lnGDP 0.491 _ 0.521ln
0.198 _ 0.663 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.902 
Estonia  
     
   
2
0.000 0.000 0.000
0.062 0.000
lnBTF 2.836 0.781lnGDP 0.672 _ 0.839ln
0.362 _ 0.444 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.830 
Finland  
     
   
2
0.000 0.102 0.000
0.001 0.000
lnBTF 7.063 0.863lnGDP 0.182 _ 0.571ln
0.520 _ 0.334 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.888 
France  
     
   
2
0.000 0.143 0.000
0.000 0.000
lnBTF 5.363 0.759lnGDP 0.130 _ 0.383ln
0.353 _ 0.269 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.923 
Germany  
     
   
2
0.000 0.934 0.000
0.370 0.000
lnBTF 6.767 0.819lnGDP 0.006 _ 0.353ln
0.062 _ 0.485 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.939 
Greece  
     
   
2
0.000 0.404 0.000
0.064 0.006
lnBTF 8.784 0.926lnGDP 0.111 _ 0.606ln
1.267 _ 0.312 _
iEU dummy DIST
Borders dummy land dummy
    
 
 
0.824 
Hungary  
     
   
2
0.000 0.179 0.000
0.000 0.041
lnBTF 10.150 0.902lnGDP 0.183 _ 0.478ln
0.655 _ 0.263 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.848 
Ireland  
     
   
2
0.000 0.000 0.000
0.079 0.090
lnBTF 10.229 0.940lnGDP 0.522 _ 0.488ln
0.464 _ 0.183 _
iEU dummy DIST
Borders dummy land dummy
    
 
 
0.879 
Italy  
     
   
2
0.000 0.049 0.000
0.823 0.001
lnBTF 5.080 0.792lnGDP 0.174 _ 0.457 ln
0.018 _ 0.260 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.903 
Latvia  
     
   
2
0.000 0.053 0.000
0.000 0.079
lnBTF 3.415 0.759lnGDP 0.263 _ 0.804ln
0.969 _ 0.204 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.821 
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Lithuania  
     
   
2
0.000 0.000 0.000
0.024 0.000
lnBTF 1.723 0.780lnGDP 0.749 _ 0.880ln
0.393 _ 0.774 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.802 
Luxembourg  
     
   
2
0.000 0.010 0.000
0.000 0.051
lnBTF 15.830 0.927 lnGDP 0.384EU_dummy 0.270lnDIST
1.281Border_dummy 0.266land_dummy
i    
 
 0.856 
Malta  
     
   
2
0.000 0.000 0.979
0.000 0.564
lnBTF 24.336 1.016lnGDP 0.932 _ 0.002ln
1.482 _ 0.089 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.761 
Netherlands  
     
   
2
0.000 0.092 0.000
0.000 0.174
lnBTF 8.3718 0.822lnGDP 0.132 _ 0.295ln
0.461 _ 0.094 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.940 
Poland  
     
   
2
0.000 0.020 0.000
0.000 0.000
lnBTF 4.145 0.826lnGDP 0.223 _ 0.692ln
0.356 _ 0.573 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.909 
Portugal  
     
   
2
0.000 0.018 0.000
0.003 0.013
lnBTF 8.205 0.915lnGDP 0.246 _ 0.630ln
0.594 _ 0.194 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.928 
Romania  
     
   
2
0.000 0.729 0.000
0.000 0.501
lnBTF 10.245 1.046lnGDP 0.046 _ 0.755ln
0.742 _ 0.076 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.853 
Slovakia  
     
   
2
0.000 0.448 0.000
0.003 0.906
lnBTF 9.940 0.930lnGDP 0.111 _ 0.601ln
0.505 _ 0.017 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.861 
Slovenia  
     
   
2
0.000 0.142 0.000
0.052 0.213
lnBTF 9.117 0.865lnGDP 0.193 _ 0.585ln
0.271 _ 0.156 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.885 
Spain  
     
   
2
0.000 0.007 0.000
0.000 0.038
lnBTF 7.399 0.866lnGDP 0.216 _ 0.488ln
0.409 _ 0.132 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.944 
Sweden  
     
   
2
0.000 0.000 0.000
0.031 0.000
lnBTF 6.004 0.841lnGDP 0.368 _ 0.561ln
0.227 _ 0.312 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.962 
UK  
     
   
2
0.000 0.000 0.000
0.000 0.000
lnBTF 5.426 0.745lnGDP 0.510 _ 0.331ln
1.072 _ 0.400 _
iEU dummy DIST
Borders dummy land dummy
    
 
 0.892 
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* Values in parentheses represent the significance (Sig.) of the estimated values for the regression parameters 
 
The following table presents, synthetically, the relationship between bilateral trade flows and influence factors for 
each of the 27 countries. 
Table 2. The significance and the sign of the relationship between BTF and the influence factors  
Country 
PIB EU DIST BORDER LAND 
Signif. Sign Signif. Sign Signif. Sign Signif. Sign Signif. Sign 
Austria YES + NO - YES - YES + NO - 
Belgium YES + NO + YES - YES + NO - 
Bulgaria YES + NO - YES - NO - YES - 
Cyprus YES + NO + YES - YES + YES - 
Czech Rep. YES + YES - YES - YES + YES - 
Denmark YES + YES - YES - YES + YES - 
Estonia YES + YES - YES - YES + YES - 
Finland YES + NO - YES - YES + YES - 
France YES + NO - YES - YES + YES - 
Germany YES + NO - YES - NO - YES - 
Greece YES + NO - YES - YES + YES - 
Hungary YES + NO + YES - YES + YES - 
Ireland YES + YES + YES - YES + YES - 
Italy YES + YES - YES - NO - YES - 
Latvia YES + YES - YES - YES + YES - 
Lithuania YES + YES - YES - YES + YES - 
Luxembourg YES + YES + YES - YES + YES + 
Malta YES + YES + NO - YES + NO - 
Netherlands YES + YES - YES - YES + NO - 
Poland YES + YES - YES - YES + YES - 
Portugal YES + YES + YES - YES + YES - 
Romania YES + NO - YES - YES + NO - 
Slovakia YES + NO + YES - YES + NO - 
Slovenia YES + NO - YES - YES + NO + 
Spain YES + YES + YES - YES + YES - 
Sweden YES + YES - YES - YES + YES - 
UK YES + YES - YES - YES + YES - 
 
Classical gravity variables, GDP and distance between countries significantly explain the variation of bilateral 
trade flows for all 27 countries, and the sign of these relationships, positive for GDP and negative for Distance, 
confirms the existent hypotheses from the literature. The results show that partnerships with countries with common 
borders and that are not landlocked are more efficient than with those without it. Regarding the variable that 
indicates the partner’s membership in the EU, results are mixed and inclined to conclude that partnerships with EU 
Member States are more inefficient than with those who are not EU members. There is a problem with this 
conclusion, which regards the data used in the analysis. This conclusion would be sound if, for each country, we 
have considered the trade flows recorded with all of extra -EU partners, not just the eight considered in this study. 
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Using the same data as in the gravity model, we apply the panel model developed by Battesse and Coelli (1992) 
to estimate the efficiency component based on the model error of the gravity model through a production function, 
i.e. by maximizing the output from a number of inputs. Efficiency scores and rankings are shown in the table and 
figure below. The dashed line in the figure is the graphical representation of the production frontier. 
Table 3 . Ranking the E.U. countries according to the average efficiency of bilateral trade flows  
Country Efficiency rating Rank  Degree of efficiency 
Netherlands 0,627760 1 High 
Germany 0,553135 2 High 
Austria 0,544890 3 High 
Sweden 0,540565 4 High 
Denmark 0,540168 5 High 
Spain 0,518857 6 Medium 
France 0,515195 7 Medium 
Hungary 0,504405 8 Medium 
Poland 0,502194 9 Medium 
Cyprus 0,487857 10 Medium 
Czech Republic 0,482607 11 Medium 
Slovenia 0,480886 12 Medium 
Luxembourg 0,480443 13 Medium 
Finland 0,479162 14 Medium 
United Kingdom 0,464788 15 Medium 
Greece 0,453956 16 Medium 
Belgia 0,444492 17 Medium 
Estonia 0,444053 18 Medium 
Lithuania 0,437709 19 Medium 
Bulgaria 0,434267 20 Medium 
Portugal 0,398239 21 Medium 
Italy 0,377530 22 Medium 
Ireland 0,358438 23 Medium 
Slovakia 0,293723 24 Low 
Malta 0,289090 25 Low 
Latvia 0,277479 26 Low 
Romania 0,258099 27 Low 
Source: Frontier 4.1 
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Figure 1. Average bilateral trade flows efficiencies for the E.U. members 
On the basis of efficiency scores estimated by the method of Battesse and Coelli we built, using one standard 
deviation from the average, three classes of efficiency: high, medium and low, as shown in the previous table. The 
maximum efficiency, which also gives the frontier production efficiency, is own by Netherlands, followed by 
Germany, Austria, Sweden and Denmark. At the other pole, low efficiency ranges Slovakia, Malta, Latvia and 
Romania, which has the lowest degree of effectiveness of all EU countries. 
For Romania, the comparative analysis of foreign trade efficiency between EU Member States revealed that it has 
the lowest efficiency score, while Bulgaria, the nearest landmark in terms of integration into the European Union, is 
in a higher category of efficiency. 
4. Conclusions 
This paper aims to analyse the foreign trade efficiency for Romania and compare it with the other E.U. member 
states. We use stochastic frontier analysis to estimate the efficiency component of foreign trade of Romania and EU 
countries. We built 27 econometric models, one for each country, considering EU members trade partners units plus 
eight extra-EU partners. 27 gravity equations were estimated and, on that basis, we estimated, for the 27 countries, 
the efficiency coefficients associated with each partnership. These coefficients were then used to estimate the 
average efficiency scores for each of the 27 countries. 
The empirical results showed that the classical gravity variables, GDP and distance between countries, 
significantly explain the variation of bilateral trade flows for all 27 countries. The trade partnerships are more 
efficient for partners with common borders, and that are not landlocked. The production frontier efficiency is given 
by Netherlands, followed by Germany, Austria, Sweden and Denmark, and the  At the other pole, low efficiency 
ranges Slovakia, Malta, Latvia and Romania, which has the lowest degree of effectiveness of all EU countries. The 
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economic crisis has not significantly altered the trade patterns and hierarchies of EU countries, only decreased their 
foreign trade performances. 
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